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FAILURE MQDES EFFECTS ANALYSIS {FMEA)} — CRITICAL HARDWARE

SUBSYSTEM NAME: AUXILIARY POWER UNIT {APU)

NUMBER: D4-2.1V12-X

REVISION: 5 Car20/93
PART NAME PART RUMBER
VENDOR RAME VENDOR NUMEBER
LRU AUXILIARY FOWER UNIT (AP MC201-0001 023X
SUNDSTRAND 720B8TXX/754849
LHU AUXILIARY POWER UNIT (AFPL) MC2071-0001-0353
SUNDSTRAND T2HGETRAN 7543454
LRU AUXILIARY POWER UNIT {APU) MC201-0001-04 X%
SUNDSTRAND X7d2211X
SR VALVE, SOLENQID 5905137
SAME
SAU WVALVE, SOLENOID Sa070z8
SAME
3RL : : VALVE, SOLENOQID 53506
SAME

PARY DATA

EXTENDED DESCRIFTION OF PART UNDER ANALYSIS:

YALVE, PULSE CONTRGL, THREE-WAY SOLENOID, NGRMALLY OPEN, FRIMARY AND
SECONDARY SPEED CONTROL

QUANTITY OF LIKE ITEMS: 3
{ME PER APU :

FUNCTION: B

TG CONTROL APYU TURBINE SPEED (AT 103% SPEED - "NORMAL" SPEED - OR 115%
SECONDARY) BY PORTING FUEL TO EITHER THE (3A5 GEMERATOR ORf TO THE
BYPASS TC THE FUEL PUMP INLET. NCTE: CANNOT FUNCTION AS SHUTOFF YALVE.
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FAILUAE MQDES EFFECTS ANALYSIS (FMEA) = CRITICAL FAILURE MODE
NUMBER: 04-2-LV12-01

REVISION® & D&20/23
SUBSYSTEM NAME: AUXILIARY FOWER UNIT (APL)
LAU: AUXILIARY POWER UNIT (APU) CRITICALITY OF THIS
ITEM NAME: YALVE, SOLENOID FAILURE MODE: 1R?

FAILURE MODE;
FAILE CLOSED {FAILS TO OPEN QR REMAIN OPENVFAILS TO CLOSE BYFASS SIDE

MISSION PHASE:

FL PRELAUNCH

Lo LIFT-OFF

Do DE-OREIT

L3 LANTHNG SAFING

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
183 DISCOVERY
104 ATLANTIS
106 ENDEAVOUR

CAUSE:

INTERNAL MECHANICAL OR WELD FAILLRE, CONTAMINATION OR CORROSICN IN THE
VALVE OH ARMATURE MECHANISM, SEAT CONTAMINATION, BYPASS SEAT CRACKEDY
BROKEN, CONTROLLER LOGIC FAILURE, INTERNAL BINDING OF FLAFPER OR POFPET
DUE TO SEAT FRAGMENT CONTAMINATION, CRAACKED FLAPPER OR FLEXTURE,
CONTAMINATION IN ARMATURE/MAGNET GAP

CRITICALITY 111 DURING INTACT ABORT ONLY? YES

AQA ABORT ONCE AROUND
ATO ABORT TC ORBIT

RTLS RETURN TG LAUNCH SITE
TAL TRAMNS ATLANTIC ABORT

REQDUNDANCY SCREEN A) PASS

B) PASS

C) PASS
PASS/FAIL RATIONALE:
A)
B}
C}

- FAILURE EFFECTS -

(A} SUBSYSTEM;

LOES OF ONE APU SYSTEM. APU FAILS TO START OR SHUTS DOWN. ALSO
POSSIBILITY OF FUEL OVERHEATING AND DECOMPOSING, RESULTING IN AUPTURE
OF VALVE WHILE APU 1S NOT OPERATING.
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FAILURE MODES EFFECTE ANALYSIS (FMEA) = CRITICAL FAILURE MOCE
HUMBER: 04-2.L¥12-01

(B} INTERFACING SUBSYSTEM{S):
LO&S OF SHAFT POWER TO OMNE HYDRAULIC PUMP.

{C} MISSION:
ABORT DECISION IS REQUIRED IF FAILUAE OCCURS PRIOR TO ENTRY COMMITMENT.

{0} CREW, VEHICLE, AND ELEMENT(S):

MO EFFECT IF FalLURE QCCURS FRIOR TO LIFT OFF DR UNTIL SECOMD SYSTEM IS
LOST. ACONTROLLER YALVE DRIVER FAILURE (SHOAT) PLUS & SECOND FAILLIRE OF
AN RPC OR PANEL SWITCH WOLILL PREVENT FOWER FRCOM BEING REMOVED,
RESULTING IN OVERHEATING/RUPTURE. POSSIBLE LOSS OF VEHICLE IF
CONTROLLER POWER NOT REMOVED AFTER APU SHUTDOWN. CRITICALITY 1 FOR
SEME-INDUCED RTLS, ATO, ACA, OR TAL DUE TO THE POSSIELE ADDITIONAL LOSS OF
ASSOCIATED APUMHYD AND MAIN ENGINE.

(E) FUNCTIONAL CRITICALITY EFFECTS:
PQOSSIBLE LOSS OF VEHICLE IF TWO OUT OF THREE APU'S ARE LOST.

DISPOSITION RATIONALE-

(A) CESIGN:

VALVE IS PROTECTED BY 25-MICRON SYSTEM FILTER IN-LINE UPSTREAM AND FUEL
PUMP 25-MICHON FILTEA IN-LINE UPSTREAM. CCRROSION-RESISTANT MATERIALS
(17-7,304L, TUNGSTEN CARBIDE) ARE USED. I1GGYM DESIGN HAS IMPROVED
SEAT/POPPET CONCENTRICITY TO REDUCE WEAR AND HEAVIER VISCOSITY DAMPING
FLUID TO REDUCE IMPACT. ALL GGVMs MANUFACTURED POST LATE 1980 USE THIS
HEAVIER DAMFING FLUID AND ARE SUBJECT TO ADDITIONAL S.EM. INSPECTION OF
THE SEAT SEALING LAND SURFAGE.

IN 1980, THE SEAT AND MANIFOLD WAS REDESIGKED TC REDUGE STRESSES IN THE
CRITICAL AREA. ABSEMBLY PRCGEDURES REVISED TG AVOID OVERSTRESS OF
FOPPETS AND INCLUDE X-RAY OF POPPET ASSEMBLIES. SHARP CORNERS AND
RECAST LAYER REMOVED IN SOCKET AREA. SUPPLIER HAS ADDED S-MICRON FILTER
iN TEST FACILITY TO AVOID CONTAMINATION.

W 1980 THE GGWM SEAT DESIGN UNDERWENT EXTENSIVE ANALYSIS AND SEAT
DESIGN CHANGES WILL BE INCORPORATED 1N THE |APU ON AN ATTRITION BASIS.
FATH A SEAT DESIGN WILL CONSIST OF THE FOLLOWING: ADDITIONAL EOM RECAST
LAYER REMOVAL, EXTENSION OF THE SLEEVE, DELETION OF THE G.0. LABYRINTH
GROODVYES, ADDITION OF STRESS RELIEF CYCLE TO SEAT RAW MATERIALS AND SEAT.
AND WIDENING THE SEAT LANDS,

{B) TEST:

ACCEPTANCE LEAKAGE TESTS ARE CONDUCTED AT BOTH VALVE AND APU LEVEL.
CERTIFICATION TESTS CONDUCTED WERE 27 MISSIONS FOR A TOTAL OF 41.7 HR
INCLUCHNG VIBRATION. IMPROVED VERSIONS OF DESIGN SUCCESSFULLY TESTED
TWO SAMPLES FOR OVER 100 HRS ON DEVELOPMENT IMFROVED APL, 1APU
QUALIFICATION TEST {QUAL 1) DEMONSTRATED SUCCESSFUL IGGYM OPERATION
FOR OVER 75 HOURS RUNTIME.

PATH A SEAT SUCCESSFULY PASSED A 20 HOUR CERTIFICATION TEST.
CERTIFICATION AFPROVAL IS IN WORK.
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FAILURE MODES EFFECTS ANALYSIS {FMEA} — CRITICAL FAD LIRE MODE
NUMBER: D4-2-L¥12-01

OMRSD: GGYM PERFORMANCE IS VERIFIED DURING "HOT FIRE" FOR FIRST FLIGHT
AND ANY TIME AN APU |3 REPLACED. FLIGHT DATA 1S USED TO VERIFY GGVM
OPERATION EVERY FLOW AFTER THE FIRST FLIGHT.

(C) INSPECTION:
RECEIVING INSPECTION
MATERIAL AND PROCESSES CERTIFICATIONS ARE VERIFIED.

CONTAMINATION CONTROL

CLEANLINESS TO LEVEL 100 15 VERIFIED BY INSPECTION. FLUID SAMPLES ARE
ANALYZED FOR CONTAMINATION AND YERIFIED BY INSPECTION. CORROSION
PACTESTICH REQUIREMENTS ARE VERIFIED BY INSFECTION.

ASSEMBLY/INSTALLATICN

MANLIFACTURING, ASSEMBLY, AND INSTALLATION REQUIREMENTS ARE YERIFIED BY
INSPECTION. CRITICaL DIMENSIONS AND SURFACE FINISHES ARE VERIFIED BY
INSPECTION, SOLENCID IS VERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALUATION

PENMETRANT. INSFECTION OF WELDS AND ASSEMBLIES IS VERIFIEG. RADIOGHRAPHIC
INSPECTION OR CROSS SECTION INSPECTION OF LOT SAMPLE PERFORMED ON
SELECTED WELDS. NDE FOR CRITICAL WELDS 1S BEING OETERMINED.

CRITICAL PROCESSES

WELDING FER SPECIFICATION REQUIREMENTE 18 VERIFIED BY INSPECTION. WELDING
FPROCEDURES, EQUIPMENT AND SCHEDULES ARE UNCER INVESTIGATION FOR
POTENTIAL IMFROVEMENTS. DESTRUCTIVE INSPECTION OF CRITICAL WELDS FROM
LOT SAMPLES OF PRODUCTION HARDWARE IS UNDER CONSIDERATION. VALVE SEAT
FABRICATION IS5 YERIFIED BY INSPECTION. SCANNING ELECTRON MICROSCOFE
(SEM}, WHICH SCANS ACROSS EACH SEAT-WEB UPPER SURFACE, IS PERFORMED
FOLLOWING INSERTION OF THE SEAT INTC THE SLEEVE. SEM PHOTOGRAPHS OF
EACH WEB ARE MADE. DESTRUCTIVE INSPECTICON OF A SINGLE SEAT SAMPLE, FER
EACH MANUFACTURING LOT FOR REMOVAL OF THE EDM RECAST LAYER, IS
PERFORMED.

UNITS MANUFACTURED POST AUGUST 1890 WILL HAVE AN ADDITIONAL SEM OF THE
ENTIRE INNER AND QUTEHR SEALING LANDS AND SEM OF THE SEAT SURFACE. A FINAL
MAGNIFIED GRTICAL INSPECTION OF THE SEAT WILL BE PEAFCORMED PRIOH TG FINAL
INSTALLATION OF THE SEAT MANIFOLD INTO THE VALYE ASSEMELY.

TESTING :
TEST EQUIPMENT AND TQOL CALIBRATION ARE YERIFIED BY INSPECTION, ATP I3
WITMESSED AND VERIFIED BY INSPECTION.

HANDLING/PACKAGING
HANDLING, PACKAGING, STORAGE, AND SHIFPING PROCEDURES ARE VERIFIED.

(D) FAILURE HISTORY:

BYPASS SEAT LEAKAGE FAILURES -

CAR AD8625 GAS GENERATOR AVYERAGE PEAK FRESSURE MEASURED 1040 PSIA, ATF

SPECIFICATION LOW LIMIT IS5 1150 PSIA. GGVM S/N 3001 WAS FOUND TO BE LEAKING

GROSSLY TO PULSE CONTROL BYPASS. EXAMINATION OF THIS SEAT FGUND

APPROXIMATELY 45 DEGREES OF THE SEALING LAND TO BE DAMAGED WITH IMPACT
| MARKS FROM CONTAMINATION OR MISALIGNED POPPET.
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FAILURE MORES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MORDE
NUMBER; 04-2-LY12-01

CAR O7F010 UNDERSPEED SHUTDOWN DUE TO FOREIGN CONTAMINATION (KEL-F
PARTICLE) OMN 8YPAES SEAT OF PULSE CONTROL VALVE. THIS CONTAMINATION
COULD HAVE RESULTED IN A PULSE CONTROL ANDYOR SHUTOFF FAILED OPEN.
CONTAMINATION BELIEVED TO HAVE ENTERED VALVE DURING IT'S MANUFACTURING
CYCLE. GORARECTIVE ACTION INVOLYED DISASSEMBLY AND CLEANING OF THE GEVM
TEST STAND AT THE MANUFAGTURER AND AN INCREASED NUMBER OF CLEANING
AND CLEANLINESS VERIFICATION OPERATIONS.

RELATED SGEVM FAILURES -

CAR ACS8511 SHUTOFF VALVE SEAT FRACTURE ANALYSI|S HAS DISCLOSED THAT THE
COBALT BINDER IN THE TUNGETEN CARBIDE OF THE YALVE SEAT IS LEACHED AWAY
FROM THE SURFACE OF THE MATERIAL WHEN EXFOSED TO HOT DEIONIZED WATER
{USED IN THE VALVE CLEANING PROCESS). LEACHING IS CAUSED BY THE AMMONILIM
HYDROXIDE CREATED BY THE COMBINATICN OF AIR AND HYDRAZINE VAPOR
DOWNSTREAM OF THE SHUTOFF QUTLET SEAT. NCRMAL FOPPET CYCLING OF THE
SHUTOFF VALVE DISLODGES TUNGSTEN CARBIDE PARTICLES AND RESULTS IN SEAT
CRACKING. CORRECTIVE ACTION INCLUDED ELIMINATING THE DEICNIZED WATER
CLEANING AND ADDING SEM INSPECTION OF THE SEAT WEBS DURING
MANUFACTURING. ALL GGVMS RECEIVED NEW SEATS AND POPPETS FOLLOWING
STS-51L

CAR AC3326 FLEXTUBE FAILURE WAS DISCOVERED DURING FED AFTER ATP HOT
FIRE. EXAMINATICN OF THE FAILED FLEXTUBE DISCLOSED AN INCLUSION. THE
CONGLUSION WAS THAT THE INCLUSION CREATED A STRESS CONCENTRATION POINT
AND THE TUBE CRACKED DUE TO FATIGLUE UNDER NORMAL OPERATING LOADS.
CORRECTIVE ACTION WAS TO ADD AN X-RAY INSPECTION FOR SCREENARLE FLAWS
IN NEW PRODUCTION TUBES AND REPLACEMENT TUBES FOR REWORKED GGYM'S
REQUIRING THEM. APU 009 FLEXURE TUBE CRACK IN WELD, HEAT AFFECTED ZONE

AFTER 186 HOURS. BOTH OF THE ABOVE FAILURES CAN RESULT IN A FAILED OPEN
WALVE.

CAR 31RF01 APU RAN AT HIGH SFEED WITH LOW CHAMBER PAESSURE WHILE
NORMAL SPEED WAS SELECTED. THE PULSE CONTROL VALVE QUTLET SEAT WAS
CRACKED AND A FRAGMENT OF THE QUTER SEALING LAND WAS BROKEN. THIS
ANOMALY WAS DETECTED AT APU START AS THE LEAKAGE WAS PRESENT WITH THE
FIRET CLOSING PULSE OF THE PULSE CONTROL VALVE. INTERIM CORRECTIVE
ACTION INCLLDES LIMITING THE PULSE CONTROL VALVE CPERATING LIFE,
PERFOAMING A LIQUID LEAK CHECK OF THE VALYE QUTLET SEATS PRIQR TO EVERY
FLIGHT, AND MANDATORY SEM INSPECTION OF THE SEAT SEALING SURFACES
DURING CRITICAL MANUFACTURING PROCESSES. FINAL CORRECTIVE ACTION 13 THE
PATH A SEAT DESIGN AS DESCRIBED IN THE DESIGN SECTION. THE PATH A SEAT HAS
SUCCESSFULY PASSED A 20 HOUR CERTIFICATION TEST WITH NO SEAT LAND
CRACKS. THE SHUTOFF CUTLET SEAT HAD ONE CRACK IN EACH OF THE THREE
WERS, THEREFORE THE PATH A SEAT IS NOT CONSIDERED A SOLUTION TO THE WER
CRACKING PROBLEM. TO SOLVE THIE PROBLEM, SPECIFIC CHANGES TO THE SEAT
WEBS ARE BEING PROPOSED. THIS IS PART QF THE PATH B SEAT REDESIGN.

CAR AD7195 HELIUM GAS LEAKAGE OF THE SHUTOFF QUTLET SEAT DETECTED
DURING APL REFURBISHMENT. THREE WEBS WERE CRACKED. EXPOSURE TIME WAS
17.5 MONTHS PRIOR TO DETECTING LEAKAGE. PROPOSED CORRECTIVE ACTION IS A
MATERIAL CHANGE FOR THE SHUTOFF QUTLET POSITION ONLY. THIS IS PART OF
THE FATH B SEAT REDESIGN.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) - CRITICAL FAILURE MODE
NUMBER: 04-2-LVi2-01

AR AD7069 & CIRCUMFERENTIAL CRACK IN THE QUTER SEALING LANLD OF THE
SHUTOFF VALVE OQUTLET SEAT DETECTED DURING SEAT INSPECTION. THE VALVE
HAD 22 MONTHS OF HYDRAZINE EXPQOSURE. THE 5 MINUTE HIGH SPEED RUN TIME
ACCHUED AS & RESULT OF THE PULSE OF THE PULSE CONTROL YALVE FAILURE
{31RF01) 1S BELIEVED TG BE A GONTRIBUTOR TO THE CRACK. CORRECTIVE ACTION
INVOLVES REMOVAL OF THE APL ONCE ANY-HIGH SPEED TIME 15 ACCRLUED DURING
FLIGHT AND REDUCING THE LIFE LIMIT.

CAR AD7547 CIRCUMFERENT AL BREAK OF QUTER SEALING LAND DURING YENDOR
TESTING. TEST INVOLVED RUNNING THE APU AT NORMAL SPEED FOR 10 HOURS AND
HIGH SPEED FOR 1.5 HOURS. LIQUID L EAKAGE OF SHUTOFF OUTLET WAS DETECTED
FOLLOWING THE 1.5 HOUR HIGH SPEED TIME. APL FERFORMANGCE WAS NOMINAL,
THE EXPOSURE TIME WAS AFPRCXIMATELY 18 MONTHS AND THE SHUTOFF VALVE
HAD ACCUMULATELD 12,000 CYCLES.

GCAR AD7703 GGVM S/N 3004 SHUTOFF QUTLET QUTLET FAILED LIGQUID LEAK TEST DUE
TO ERCDED SEAT LAND. TWO WEBS WERE FOUND CRACKED, GGVM HAL 24
MONTHS EXPQSURE AND 188 MINUTES OF HIGH SPEED RUNTIME.

CAR AD7543 GGVM S/N 4003 BEROKEN FRAGMENT DURING ATP [SIMILAR TG 31RF01)
WITH APPROXIMATELY ONE HOUR RUNTIME ON PAC SEAT.

CAR AD7227 LEAKING PULSE CONTROL OUTLET SEAT DUE TO QUTER LAND CRACKS,
THREE WERS WERE CRACKED. SHUTOFF VALVE OUTLET SEAT HAD THREE WEBS
CRACKED AND PASSED LEAKAGE REQUIREMENTS. THE PULSE CONTROL VALVE HAD
72.000 CYCLES AND THE SHUTCFF EXPOSURE WAS 26 MONTHS,

CAR AD7310 PULSE CONTROL VALVE OUTLET SEAT LAND CRACKED AND ONE WEB
CRACKED. VALVE PASSED LEAKAGE REQUIREMENTE. RUNTIME WAS 40,000 CYCLES.

CAR ADBE26 SHUTOFF VALVE OUTLET SEAT WERS FOUND CRACKED AFTER THE 20
HOUR CERTIFICATION TEST FOR THE PATH A SEATS. THE PATH B SEAT IS THE
PROPOSED CORRECTIVE ACTICHN.

CAR ADBBS7 GEVYMIGGEYM EB WELDS FOUND TO BE UNDER FRINT REQUIREMENT FOR
WELD PENETRATION IN SOME LOCATIONS, WELD CRACKS FOUND IN FLEXTUBE TG
FLAPPER WELDS. INTERIM REMEDIAL ACTION INVOLVES LIMITING GGVM AUNTIME.
ANALYSIS AND CORRECTIVE ACTION 1S IN WORK

CAR 42RF10 APU S/N 305 CHAMBER PRESSURE DID NOT AETURN TO ZERC LEVEL
AFTER EACH PULSE FOR 35 SECONDS DURING RE-ENTRY. EXAMINATION OF GGVM
S/MN 3003 DISCOVERED A BROKEN PULSE CONTROL OUTLET SEAT.

{E} OPERATIONAL USE:

IF APU SHUTS DCWN, REMAINING APU'S GO TO HIGH SPEED AND AUT OM.A.TIC
SHUTDOWN IS INHIBITED TQ PRECLUDE INADVERTENT SHUTDOWNS, DEFPENDING ON
MISISCN PHASE.

- APPROVALS -
EDITORIALLY APPROVED R ity 4 vt .
EDITORIALLY APFAOVED JSC 7 A 7/
TECHNICAL AFPROVAL - V1A CA * 580 f"fr 3 ’ .
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